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Motivations

• Vector valued NNs are key to understanding deep networks and multi-task 
learning.


• Weight decay is the most popular explicit regularizer for training deep neural 
networks (DNNs) and can have a drastic effect on the generalization ability of 
the network.



Background

Training with Weight Decay

• Training a DNN with weight decay corresponds to minimizing a data fidelity 
loss plus the sum of squared weights.

Weight Decay Objective



Neural Balance Theorem

Let  be a function represented by a homogenous DNN that solves the weight 
decay objective.

fθ

Theorem (NBT [Yang 2022, Parhi 2023])
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kwkk2 = kvkk2

Balanced!



The Secret Sparsity of Weight Decay
Weight decay

Path-norm After Rebalancing

Group lasso

Secret 
Sparsity



Outline of Contributions

• Tighter bounds on the necessary 
width for any homogenous layer of 
DNN, depending only on the rank of 
the internal features.  

• Representer Theorem showing 
shallow vector-valued NNs trained 
with weight decay solve data fitting 
problem over the VV Space.

Vector-Valued Variation Spaces 
(VV Spaces) Bounds on Necessary Width 



VV Spaces



Vector Valued Variation Spaces (VV Spaces)

Vector Measure

(For finite-width networks)



Representer Theorem
For any dataset  and any lower semicontinuous loss function     there 
exists a solution to,

{xi, yi}N
i=1

with the following representation

The dual space of vector-valued continuous functions is the space of vector-valued measures.

Also extends to deep neural networks

<latexit sha1_base64="tiIJXHD12VZrLLKZAqI6IEInu4M=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoRRAkgnlAsgmzk95kyOzDmVklLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uLxZcadv+tpaWV1bX1nMb+c2t7Z3dwt5+XUWJZFhjkYhk06MKBQ+xprkW2Iwl0sAT2PCGVxO/8YhS8Si816MY3YD2Q+5zRrWROjddm7QFPpDbTloedwtFu2RPQRaJk5EiZKh2C1/tXsSSAEPNBFWq5dixdlMqNWcCx/l2ojCmbEj72DI0pAEqN51ePSbHRukRP5KmQk2m6u+JlAZKjQLPdAZUD9S8NxH/81qJ9i/clIdxojFks0V+IoiOyCQC0uMSmRYjQyiT3NxK2IBKyrQJKm9CcOZfXiT1csk5Kzl3p8XKZRZHDg7hCE7AgXOowDVUoQYMJDzDK7xZT9aL9W59zFqXrGzmAP7A+vwBFfKRmg==</latexit>
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<latexit sha1_base64="vWETCePq9kDZ6ipa7TzVSb1Xay4=">AAACDHicbVDLSsNAFL3xWeur6tLNYBHqpiQi6kYo6sKdFewDmlAm00k7dPJwZqKUNB/gxl9x40IRt36AO//GSduFth4YOJxzLnPvcSPOpDLNb2NufmFxaTm3kl9dW9/YLGxt12UYC0JrJOShaLpYUs4CWlNMcdqMBMW+y2nD7V9kfuOeCsnC4FYNIur4uBswjxGstNQuFO2hZw/bie1j1SOYJ/U0RWfouvSAbHknVHKZHuiUWTZHQLPEmpAiTFBtF77sTkhinwaKcCxlyzIj5SRYKEY4TfN2LGmESR93aUvTAPtUOsnomBTta6WDvFDoFyg0Un9PJNiXcuC7OpntLKe9TPzPa8XKO3USFkSxogEZf+TFHKkQZc2gDhOUKD7QBBPB9K6I9LDAROn+8roEa/rkWVI/LFvHZevmqFg5n9SRg13YgxJYcAIVuIIq1IDAIzzDK7wZT8aL8W58jKNzxmRmB/7A+PwBPfCbFg==</latexit>

kfkV = O(w
p
D)

<latexit sha1_base64="wgBYvU2CHnigf/197+/YZopAzL8=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwFRJpY90VdeGyBfuANpTJ9KYdO5mEmYlQQr/AjQtF3PpJ7vwbpw/E14ELh3Pu5d57goQzpR3nw8qtrK6tb+Q3C1vbO7t7xf2DlopTSaFJYx7LTkAUcCagqZnm0EkkkCjg0A7GVzO/fQ9SsVjc6kkCfkSGgoWMEm2kxnW/WHJsx6uWyx527ErFu6h62LWdOb5ICS1R7xffe4OYphEITTlRqus6ifYzIjWjHKaFXqogIXRMhtA1VJAIlJ/ND53iE6MMcBhLU0Ljufp9IiORUpMoMJ0R0SP125uJ/3ndVIdVP2MiSTUIulgUphzrGM++xgMmgWo+MYRQycytmI6IJFSbbAomhD8v/yWtM9v1bLdRLtUul3Hk0RE6RqfIReeohm5QHTURRYAe0BN6tu6sR+vFel205qzlzCH6AevtE/ywjRI=</latexit>
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<latexit sha1_base64="wCI4wCPYxmKFjKB4HW8AtSQOOic=">AAACA3icdVDLSsNAFJ3UV62vqDvdDBahbkpSS+xGKOrCnRXsA5pQJtNJO3TyYGYilDTgxl9x40IRt/6EO//GSVtBRQ9cOJxzL/fe40aMCmkYH1puYXFpeSW/Wlhb39jc0rd3WiKMOSZNHLKQd1wkCKMBaUoqGelEnCDfZaTtjs4zv31LuKBhcCPHEXF8NAioRzGSSurpe/bEsye9xPaRHGLEklaawlN4Vbo46ulFo2wYFaNWhRmxji0zI6ZhWhY0lZKhCOZo9PR3ux/i2CeBxAwJ0TWNSDoJ4pJiRtKCHQsSITxCA9JVNEA+EU4y/SGFh0rpQy/kqgIJp+r3iQT5Qox9V3Vmp4rfXib+5XVj6dWchAZRLEmAZ4u8mEEZwiwQ2KecYMnGiiDMqboV4iHiCEsVW0GF8PUp/J+0KmXTKpvX1WL9bB5HHuyDA1ACJjgBdXAJGqAJMLgDD+AJPGv32qP2or3OWnPafGYX/ID29gkqzJcz</latexit>

kfkV = O(D)
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<latexit sha1_base64="qiPhyD5VjJZZm256wGoJdH9vNwY=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwFRJpY90V3QhuWrAPaEOZTG/asZNJmJkIJfQL3LhQxK2f5M6/cfpAfB24cDjnXu69J0g4U9pxPqzcyura+kZ+s7C1vbO7V9w/aKk4lRSaNOax7AREAWcCmpppDp1EAokCDu1gfDXz2/cgFYvFrZ4k4EdkKFjIKNFGatz0iyXHdrxquexhx65UvIuqh13bmeOLlNAS9X7xvTeIaRqB0JQTpbquk2g/I1IzymFa6KUKEkLHZAhdQwWJQPnZ/NApPjHKAIexNCU0nqvfJzISKTWJAtMZET1Sv72Z+J/XTXVY9TMmklSDoItFYcqxjvHsazxgEqjmE0MIlczciumISEK1yaZgQvjz8l/SOrNdz3Yb5VLtchlHHh2hY3SKXHSOauga1VETUQToAT2hZ+vOerRerNdFa85azhyiH7DePgEHW40Z</latexit>

K

<latexit sha1_base64="V6/WcJKESFjSMsRS3eHvMW+TXKI=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmZitmPQi+AlAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbeyYRVPRBweO9KqrquRFnUlnWh5FbW9/Y3MpvF3Z29/YPiodHXRnGgkKHhjwUfZdI4CyAjmKKQz8SQHyXQ8+dXaV+7x6EZGFwq+YROD6ZBMxjlCgttW9GxZJlWnXbqlZwRuxqLSW1Rrl6gW3TylBCK7RGxffhOKSxD4GinEg5sK1IOQkRilEOi8IwlhAROiMTGGgaEB+kk2SHLvCZVsbYC4WuQOFM/T6REF/Kue/qTp+oqfztpeJf3iBWXsNJWBDFCgK6XOTFHKsQp1/jMRNAFZ9rQqhg+lZMp0QQqnQ2BR3C16f4f9Itm3bNtNuVUvNyFUcenaBTdI5sVEdNdI1aqIMoAvSAntCzcWc8Gi/G67I1Z6xmjtEPGG+f+/GNEg==</latexit>
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<latexit sha1_base64="NuR/FFhsDyxMsdoMMosfVUi6OEg=">AAAB9HicbVA9SwNBEN3zM8avqKXNYhCswl0KtQzaWEYwH5AcYW9vkizZ2zt35yLhyO+wsVDE1h9j579xk1yhiQ8GHu/NMDMvSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZK9AVnaCU/BGWAPoEYDNH0SmW34s5BV4mXkzLJUe+VvrphzNMIFHLJjOl4boJ+xjQKLmFa7KYGEsZHbAAdSxWLwPjZ/OgpPbdKSPuxtqWQztXfExmLjJlEge2MGA7NsjcT//M6Kfav/UyoJEVQfLGon0qKMZ0lQEOhgaOcWMK4FvZWyodMM442p6INwVt+eZU0qxXvsuLdV8u1mzyOAjklZ+SCeOSK1MgdqZMG4eSRPJNX8uaMnRfn3flYtK45+cwJ+QPn8wffWpIq</latexit>

dense weights
<latexit sha1_base64="/gVg2WIFg7ahiGTCxh5lGuX83dA=">AAAB9XicbVA9TwJBEN3DL8Qv1NJmIzGxIncUakm0scREwAROsrfMwYa9vcvunIRc+B82Fhpj63+x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFtfWNzq7hd2tnd2z8oHx61TJxqDk0ey1g/BMyAFAqaKFDCQ6KBRYGEdjC6mfntJ9BGxOoeJwn4ERsoEQrO0EqPJmHaAB2DGAzR9MoVt+rOQVeJl5MKydHolb+6/ZinESjkkhnT8dwE/YxpFFzCtNRNDSSMj9gAOpYqFoHxs/nVU3pmlT4NY21LIZ2rvycyFhkziQLbGTEcmmVvJv7ndVIMr/xMqCRFUHyxKEwlxZjOIqB9oYGjnFjCuBb2VsqHTDOONqiSDcFbfnmVtGpV76Lq3dUq9es8jiI5IafknHjkktTJLWmQJuFEk2fySt6csfPivDsfi9aCk88ckz9wPn8Ay0SSsw==</latexit>

sparse weights
<latexit sha1_base64="WF86FMm4p//67OH70eJ1cpfupzU=">AAAB9XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SqGXQxjKC+YDkDHubuWTJ3t6xu6eEI//DxkIRW/+Lnf/GTXKFJj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6LSPJb3ZpKgH9Gh5CFn1FjpQSdUaSQSUxVL3S9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5tfPSVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmUVABlwhM2JiCWWK21sJG1FFmbFBlWwI3vLLq6RVq3oXVe+uVqlf53EU4QRO4Rw8uIQ63EIDmsBAwTO8wpvz5Lw4787HorXg5DPH8AfO5w/iI5LC</latexit>sparse neurons

<latexit sha1_base64="yyFkYeMy0QdQovMaHZU6EazKJVU=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjxWsGmhCWWz3bRLN5tldyOUtH/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut7Oyura+sVnaKm/v7O7tVw4OfZ1mitAmSXmq2hHWlDNBm4YZTttSUZxEnLai4d3Ubz1RpVkqHs1I0jDBfcFiRrCxUhCM42DczX1/gm66lapbc2dAy8QrSBUKNLqVr6CXkiyhwhCOte54rjRhjpVhhNNJOcg0lZgMcZ92LBU4oTrMZzdP0KlVeihOlS1h0Ez9PZHjROtREtnOBJuBXvSm4n9eJzPxdZgzITNDBZkvijOOTIqmAaAeU5QYPrIEE8XsrYgMsMLE2JjKNgRv8eVl4p/XvMua93BRrd8WcZTgGE7gDDy4gjrcQwOaQEDCM7zCm5M5L8678zFvXXGKmSP4A+fzB6aWkW4=</latexit>

kfkV V =
<latexit sha1_base64="yyFkYeMy0QdQovMaHZU6EazKJVU=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjxWsGmhCWWz3bRLN5tldyOUtH/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut7Oyura+sVnaKm/v7O7tVw4OfZ1mitAmSXmq2hHWlDNBm4YZTttSUZxEnLai4d3Ubz1RpVkqHs1I0jDBfcFiRrCxUhCM42DczX1/gm66lapbc2dAy8QrSBUKNLqVr6CXkiyhwhCOte54rjRhjpVhhNNJOcg0lZgMcZ92LBU4oTrMZzdP0KlVeihOlS1h0Ez9PZHjROtREtnOBJuBXvSm4n9eJzPxdZgzITNDBZkvijOOTIqmAaAeU5QYPrIEE8XsrYgMsMLE2JjKNgRv8eVl4p/XvMua93BRrd8WcZTgGE7gDDy4gjrcQwOaQEDCM7zCm5M5L8678zFvXXGKmSP4A+fzB6aWkW4=</latexit>

kfkV V =
<latexit sha1_base64="yyFkYeMy0QdQovMaHZU6EazKJVU=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjxWsGmhCWWz3bRLN5tldyOUtH/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut7Oyura+sVnaKm/v7O7tVw4OfZ1mitAmSXmq2hHWlDNBm4YZTttSUZxEnLai4d3Ubz1RpVkqHs1I0jDBfcFiRrCxUhCM42DczX1/gm66lapbc2dAy8QrSBUKNLqVr6CXkiyhwhCOte54rjRhjpVhhNNJOcg0lZgMcZ92LBU4oTrMZzdP0KlVeihOlS1h0Ez9PZHjROtREtnOBJuBXvSm4n9eJzPxdZgzITNDBZkvijOOTIqmAaAeU5QYPrIEE8XsrYgMsMLE2JjKNgRv8eVl4p/XvMua93BRrd8WcZTgGE7gDDy4gjrcQwOaQEDCM7zCm5M5L8678zFvXXGKmSP4A+fzB6aWkW4=</latexit>

kfkV V =



Simple Experiment

<latexit sha1_base64="lwvQLUObBQQweaYcgkZRtovqGYo="></latexit>

f(x) =


f1
f2

�
=

KX
vk�(w

T
k x� bk)

<latexit sha1_base64="8S+6ED26Hh+H/Y9tWu0fCvnewmI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqlereveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDyLY2U</latexit>
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<latexit sha1_base64="Ss9dWoQWiHsxIGMo6zrQu2XcX1I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZ9e4vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzsY2V</latexit>

f2

<latexit sha1_base64="mZPhmjadkOJRGBEeawj1GytO00M=">AAAB6XicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKgbsehGcFPFXqAdSibNtKGZZEgyQhn6Bm5cKOK2D+Pejfg2ppeFtv4Q+Pj/c8g5J0w408bzvp3c0vLK6lp+3d3Y3NreKezu1bRMFaFVIrlUjRBrypmgVcMMp41EURyHnNbD/vU4rz9SpZkUD2aQ0CDGXcEiRrCx1v0taheKXsmbCC2CP4Pi5Yd7kYy+3Eq78NnqSJLGVBjCsdZN30tMkGFlGOF06LZSTRNM+rhLmxYFjqkOssmkQ3RknQ6KpLJPGDRxf3dkONZ6EIe2Msamp+ezsflf1kxNdB5kTCSpoYJMP4pSjoxE47VRhylKDB9YwEQxOysiPawwMfY4rj2CP7/yItROSv5pyb/ziuUrmCoPB3AIx+DDGZThBipQBQIRPMELvDp959l5c96npTln1rMPf+SMfgBZQpA8</latexit>

K



No Weight Decay —> No Sharing
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<latexit sha1_base64="8S+6ED26Hh+H/Y9tWu0fCvnewmI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqlereveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDyLY2U</latexit>

f1
<latexit sha1_base64="Ss9dWoQWiHsxIGMo6zrQu2XcX1I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZ9e4vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzsY2V</latexit>

f2
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<latexit sha1_base64="8S+6ED26Hh+H/Y9tWu0fCvnewmI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqlereveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDyLY2U</latexit>

f1
<latexit sha1_base64="Ss9dWoQWiHsxIGMo6zrQu2XcX1I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZ9e4vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzsY2V</latexit>

f2

Weight Decay —> Neuron Sharing



Tighter Bounds on Necessary Widths 
of DNNs



Bound on Network Width
• Suppose  is a DNN which solves the weight decay objective fθ



Bound on Network Width

ϕi ψi ℝDℝd

<latexit sha1_base64="zJUj+usB2220Wz+E6U/MbqWpIS0="></latexit>
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Main Result
Assume  is a DNN which solves the weight decay objective,
fθ

There exists another optimal representation of the form


for any homogenous layer with input features  and output features , such thatϕi ψi

Where,
<latexit sha1_base64="uAhSsLEWt2i/qSIkCTJyfvqNGDE=">AAACJXicbVA9SwNBEN3z2/gVtbRZDELShDsRtbAI2gg2EUwUciHs7U2SJXt75+6cGo78GRv/io2FIoKVf8XNR2HUBwOP92aYmRckUhh03U9nZnZufmFxaTm3srq2vpHf3KqbONUcajyWsb4JmAEpFNRQoISbRAOLAgnXQe9s6F/fgTYiVlfYT6AZsY4SbcEZWqmVP7mgvoRb6iM8YKaZ6g2KftWIEvV5GOO0fi9CQCFDyPxqVwxKrXzBLbsj0L/Em5ACmaDayr/5YczTCBRyyYxpeG6CzYxpFFzCIOenBhLGe6wDDUsVi8A0s9GXA7pnlZC2Y21LIR2pPycyFhnTjwLbGTHsmt/eUPzPa6TYPm5mQiUpguLjRe1UUozpMDIaCg0cZd8SxrWwt1LeZZpxtMHmbAje75f/kvp+2Tsse5cHhcrpJI4lskN2SZF45IhUyDmpkhrh5JE8k1fy5jw5L8678zFunXEmM9tkCs7XNzDNpbg=</latexit>

K  rank( ) · rank(e�)



Questions?


